Objectives: To propose plausible criteria with which to identify menopausal women with PCOS. Study design: A cross-sectional study involving the baseline data of 713 menopausal women at admission to the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil) in Salvador, Bahia, Brazil. Main outcome measures: PCOS was identified by the presence of two of three criteria. (1) A history of amenorrhea or oligomenorrhea (OL) (regular intermenstrual intervals ≥35 days during reproductive life); (2) clinical or biochemical hyperandrogenism (HA), identified by a score ≥5 points in a hirsutism questionnaire constructed and validated for women in this age group, or total or free testosterone ≥the 95th percentile for women considered normal; (3) insulin resistance (IR) (a homeostatic model assessment [HOMA] index ≥ 2.2). Validation was performed using probable epidemiological endpoints. Results: According to these criteria, 7.6% of the women in the sample had PCOS. Of these, 7.4% had HA and OL, 72.2% had HA and IR, 14.8% had OL and IR and 5.6%, had HA, OL and IR. Women with PCOS were younger, had had fewer pregnancies and entered menopause earlier. Positive associations were found between PCOS and overweight (PR: 1.31; 95%CI: 1.18-1.46), obesity (1.44; 1.01-2.06), carbohydrate metabolism disorders (impaired glucose tolerance and diabetes mellitus) (1.30; 1.03-1.65), and with diabetes alone (1.41; 0.83-2.39), although this latter association failed to reach statistical significance. Conclusion: The women selected in accordance with these criteria had the characteristics of PCOS that are not only expected, but also widely associated with this disorder.
Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women of reproductive age, with a prevalence that ranges from 2 to 15% [1, 2] . Oligoovulation, hyperandrogenism and ovaries with a polycystic appearance characterize the condition. Strongly associated with obesity and type 2 diabetes mellitus (T2DM), its association with dyslipidemia and arterial hypertension is positive albeit less intense. On the other hand, the syndrome has been associated with diverse cardiovascular risk factors [3] and with subclinical vascular disease [4] .
Nevertheless, demonstrating an increase in the occurrence of cardiovascular events in women with PCOS has proven difficult, with various hypotheses having been formulated to explain this apparent paradox. First, these events usually occur after menopause, a time at which identifying PCOS is no easy task. The cessation of menstruation and a reduction in hyperandrogenism and in the polycystic appearance of the ovaries, in addition to the inexistence of validated and established standards with which to evaluate serum testosterone levels or to quantify body hair in menopausal women makes diagnosis of the syndrome at this time of life difficult [3, 5] . Secondly, improvements in the syndrome in the final reproductive years may contribute toward reducing these women's cardiovascular risk [6] . Regular menstruation and fertility after 35 years of age is not uncommon, sometimes accompanied by a reduction in hyperandrogenism [7, 8] . A third explanation may concern the existence of a protective factor inherent to these women [5, 9] that could diminish the risk factors associated with this condition. Nevertheless, some features of the syndrome have been shown to remain after menopause. The high serum testosterone levels and the polycystic morphology of the ovaries serve as markers of a risk of coronary disease or an increase in the extent of coronary disease [10, 11] . Higher testosterone levels are common in menopausal women with PCOS whose ovaries continue to have a polycystic appearance [12] .
Only one study on the prevalence of PCOS in the menopause was identified [5] . That paper reported a rate of PCOS of 6.7% in a small sample of unselected women using the Rotterdam criteria, which are recommended for women of reproductive age [3] . To avoid using diagnostic criteria defined specifically for younger women and aiming at incorporating characteristics related to the physiopathology of the syndrome into the diagnosis, a group of investigators proposed and tested what they refer to as a putative phenotype for PCOS in the menopause. Those investigators reported an association between some components of this phenotype and cardiovascular disease and the distinct hormone profile expected in women with PCOS [13, 14] .
For women of reproductive age, the Androgen Excess Society recommends including hyperandrogenism as a basic component for a diagnosis of PCOS [15] . The phenotypes proposed consist of a combination of hyperandrogenism, menstrual dysfunction and ovaries with polycystic morphology, with those investigators suggesting that diagnosis of the syndrome should potentially signal the risk of insulin resistance (IR) and its resulting metabolic abnormalities. Those who oppose the inclusion of hyperandrogenism as an obligatory diagnostic criterion argue that phenotypes without this component may equally predispose to IR and its consequences [16] .
Although not yet obligatory in defining PCOS in women of reproductive age, IR, in addition to being an important pathophysiological element, has been taken into consideration when phenotypes for the identification of the syndrome are proposed [13, 17] .
Until long-term longitudinal studies are conducted to monitor women with PCOS, estimates of the risk of cardiovascular events in these women can only be made by identifying the diagnostic criteria appropriate for the postmenopausal phase. Since not all women with PCOS are diagnosed during their reproductive life, [18] identifying them at any stage in their lives may raise awareness of the risks to which they are exposed, enabling specific recommendations to be made and healthcare interventions to be implemented, with subsequent consequences for prognosis [3] .
The aim of the present study was to propose and validate plausible criteria for identifying postmenopausal women with PCOS that could be used within the context of epidemiological research.
Methods

Study population
This study was conducted with female staff members of the Federal University of Bahia, one of the centers included in the Longitudinal Adult Health Study (ELSA-Brasil) [19] . ELSA-Brasil involves a total of 8212 women and 6893 men recruited at six different centers. The objective was to form a cohort that would be monitored through telephone interviews and periodic visits to the study centers for further exams and interviews. T2DM and cardiovascular disease were among the principal endpoints of the ELSA-Brasil study, and the data accumulated from this study now form a major research platform.
Criteria proposed
Criteria were proposed based on the assumption that androgenic manifestations and menstrual disturbances constitute essential elements by which to diagnose the syndrome and also on the pathophysiological importance of IR, a component expected to be common in women with PCOS in the age range of interest and that predisposes to cardiometabolic abnormalities. The study then proposed to identify PCOS in any menopausal women with two of the following three features: (a) clinical or biochemical hyperandrogenism; (b) menstrual dysfunction; and (c) IR. In this way, four phenotypes, all, in principle, considered plausible, were identified, as follows: 1 Oligo/amenorrhea was defined as a customary intermenstrual period ≥ 35 days. Hyperandrogenism was defined as a score ≥ 5 in the Hirsutism Questionnaire (Hirsuta), validated for use in this population [20] or total or free testosterone levels at or above the 95th percentile of the women in this study who were menopausal, not oligomenorrheic, not infertile and who had no known previous diagnosis of PCOS. IR was considered to be present in women with a homeostasis model assessment (HOMA) index ≥ 2.2, obtained using the formula: fasting insulin (mU/l) × fasting glucose (mmol/l)/22.5 [21] . This cut off point was defined for this study population following evaluation of the receiver operating characteristic (ROC) curve in which the results of the glucose tolerance test and the HOMA index were compared (sensitivity 60%, specificity 71.1%, correctly classified tests 70% and overall performance of the test 0.7256). This value corresponds to the 75th percentile of the non-obese and non-diabetic study population [22] .
With the objective of comparing the group identified using the proposed criteria with women of reproductive age with PCOS, premenopausal women with both menstrual dysfunction and hyperandrogenism, defined according to the same criteria described above using total and free testosterone levels, were identified and the 95th percentile was calculated for this group of women. This selection process is in agreement with the criteria recommended by the National Institutes of Health in 1990.
Validation of the criteria
The proposed criteria were applied to the menopausal women with these phenotypes identified at admission to the ELSA-Brasil study. Women were considered menopausal if they had been amenorrheic for at least a year and had follicle-stimulating hormone (FSH) levels ≥25 mIU/ml. Women currently in use of oral contraceptives or testosterone were excluded from the study. None of the participants was in use of corticosteroids.
To validate these criteria, the case group was compared with the non-case group with respect to the occurrence of probable outcomes such as overweight, obesity and disorders of carbohydrate metabolism, i.e. glucose intolerance together with type 2 diabetes mellitus (T2DM) or T2DM alone.
Overweight was defined as body mass index (BMI) ≥ 25 and obesity as BMI ≥ 30. T2DM was defined as being present in women: (a) reporting diabetes, in use of diabetes drugs, with two abnormal tests; (b) either reporting diabetes or in use of drugs, with at least one abnormal test; or (c) reporting diabetes, in use of drugs, with normal tests. In addition, T2DM was considered to be present in those women with (d) no previous diagnosis, not using drugs, but with at least two abnormal tests. Women with a history of type 1 diabetes were excluded from the study. For a diagnosis of T2DM, fasting glucose > 126 mg/dl, glycated hemoglobin ≥ 6.5% and a glucose tolerance test > 200 mg/dl at 120 min were required [23] . This same test was used to identify women with glucose intolerance, which was defined as glucose levels >140 and <200 mg/dl at 120 min after a 75-g oral glucose load [24] .
Biochemical tests
Blood samples were centrifuged for 30 min and the separated serum was stored at −80 • C until hormone measurement. Fasting glucose, 2-h glucose following a 75-g glucose load and insulin testing were performed in plasma samples. FSH, luteinizing hormone (LH) and sex hormone-binding globulin (SHBG) were measured using a chemiluminescence immunoassay technique (Immulite 2000, Siemens Healthcare Diagnostics Products, Llamberis, United Kingdom). Total testosterone was also measured using a chemiluminescence immunoassay (Architect 2000, Abbott Laboratories, IL, USA). Free testosterone levels and the free androgen index were calculated based on testosterone and SHBG levels, using the Vermeulen equation for the former and the formula (T/SHBG) × 100 (both in nmol/l) for the latter.
Data analysis
In accordance with the normality of distribution, means or medians were calculated with measures of dispersion (standard deviation [SD] or interquartile range [IQR]), and Student's t-test or the Mann-Whitney test was used. Some variables were classified using traditional cut-off points or by taking the median calculated from the data in the present study into consideration. When it was not possible to use the chi-square test, this was substituted by Fisher's exact test, as appropriate. Some variables with more than two categories were analyzed using Cuzick's test for trend.
To study the association between PCOS and the selected endpoints, the high prevalence rates of these outcomes in this population were taken into consideration, and Poisson regression was used [25, 26] . Co-variables such as age, education, oral contraceptive use and physical activity were taken into consideration in adjusting all the models. Furthermore, overweight and obesity were evaluated as co-variables when the outcomes were associated with glucose intolerance and T2DM. To construct the model, the variables were selected based on theory, on the results of the stratified analysis and using backward procedures in which those that changed the principal association by at least 10% remained in the final model. Prevalence ratios (PR) were calculated, together with their respective 95% confidence intervals (95%CI). Goodness of fit tests were performed on the final models (Hosmer-Lemeshow and Kolmogorov-Smirnov). All the statistical analyses were conducted using the Stata software program, version 12.0 (StatsCorp, College Station, TX, USA).
Ethical aspects
As a multicenter study, the ELSA-Brasil study protocol was submitted to and approved by the Brazilian National Ethics Council (CONEP), as well as by the internal review boards of all the participating institutes. This study in particular was approved by the internal review board of the Collective Health Institute, Federal University of Bahia.
Results
Overall, 713 menopausal women were evaluated, with 72.9% undergoing hormone assessment and 49.4% completing the hirsutism questionnaire. When both clinical and biochemical hyperandrogenism were taken together, i.e. response to the questionnaire and hormone analysis, data were obtained on hyperandrogenism for 85.3% of the women (608/713). The mean age of these women was 59.2 years, with 77% describing themselves as black or brown-skinned according to the Brazilian Institute of Geography and Statistics (IBGE) classification. In relation to education level, 53.4% of these women had completed high school, while 42% had graduated from university and 24.4% were postgraduates. The mean BMI of the study population was 27.8 kg/m 2 , with 70.7% being overweight and 28% obese. T2DM was identified in 16.3% of the women and glucose intolerance in 37.8%, with 72% and 8.6%, respectively, currently being treated with oral hypoglycemic agents. None of the participants had testosterone levels suggestive of ovarian tumors or untreated adrenal hyperplasia.
According to the proposed criteria, 7.6% of the menopausal women were identified as having PCOS, with 7.4% fitting phenotype 1, 72.2% phenotype 2, 14.8% phenotype 3 and 5.6% phenotype 4. The participants with PCOS were younger, had had fewer pregnancies and reached menopause at an earlier age. Their body weight, BMI and waist circumference were greater than those of the women without the criteria defined in this study. They had higher fasting and 2-h glucose levels, higher fasting insulin levels and, consequently, a higher HOMA index. Total cholesterol and high-density lipoprotein (HDL) cholesterol were lower and C-reactive protein was higher. Unlike SHBG, total and free testosterone levels and the free androgen index were much higher in these women than in those not classified as having PCOS. The LH/FSH ratio was also found to be much higher in the women affected by the syndrome. No significant differences were found in relation to height, to the waist-to-hip ratio or glycated hemoglobin, LDL cholesterol or arterial blood pressure (Table 1) .
Similar results were found for the premenopausal women, with measurements being similar to those found in the postmenopausal participants and no statistically significant differences between the groups. Nevertheless, there were differences in some measurements such as total cholesterol, HDL cholesterol and the LH/FSH ratio. Tests comparing the pre-and postmenopausal women with PCOS showed these groups to be similar in the majority of the parameters evaluated (Table 1) .
The participants with phenotypes defining PCOS not only had higher total testosterone levels and a higher HOMA index, but a gradient was found for both variables, with mean values increasing as a function of the number of criteria present (p = 0.00). Other characteristics related to the health of the women with PCOS also varied according to the number of criteria present, with tests for trend being significant through the strata ( Table 2 ). The boxplots show how testosterone, HOMA and C-reactive protein varied positively with the number of criteria, whereas HDL-cholesterol varied negatively (Fig. 1) .
The categorical analysis confirmed that the menopausal women identified as having PCOS in accordance with the defined criteria compared to those who did not fit into this definition tended to belong to the younger age groups of this population and were more likely to have a university degree. These women reached menopause earlier, were more likely to be overweight and had a waist circumference above the recommended size for women. As expected, IR was more common in the women with PCOS compared to those unaffected by this syndrome, particularly in the more severe categories. No significant differences were found between the two groups insofar as skin color was concerned. Likewise, the data showed no differences with respect to hypertension. Twohour glucose levels were higher, although not significantly so, in the group of women with PCOS (Table 3) .
Symptoms associated with the criteria used were more common among women fitting the proposed definition of PCOS compared to the remaining participants. Nevertheless, the differences between the groups with respect to infertility rates or a previous diagnosis of PCOS were not statistically significant (Table 4) .
Significant positive associations were found between PCOS and overweight, obesity and disorders of carbohydrate metabolism. In Table 1 Characteristics of female staff members at the Federal University of Bahia participating in a cohort of the ELSA-Brasil study. Polycystic ovary syndrome was identified in accordance with the criteria recommended by the National Institutes of Health for premenopausal women and by the criteria proposed in this study for postmenopausal women. Salvador the stratified analysis, age significantly modified the association with overweight and with disorders of carbohydrate metabolism. None of the other co-variables evaluated changed the crude associations of the previously established limit; therefore, they were not included in the models. The past use of oral contraceptives failed to reach this limit, but was included in the models related to weight, since it was shown to be associated with these variables and because the association is theoretically plausible.
PCOS, as defined here, was positively and significantly associated with overweight following adjustment for age and the use of oral contraceptives. It was also associated with disorders of carbohydrate metabolism (glucose intolerance and T2DM) when adjusted for age, and with obesity in an unadjusted model. A positive association was found with T2DM alone; however, this did not reach statistical significance. In the group of premenopausal women, an association was found between PCOS and overweight and with T2DM alone, when controlled for age, or when analyzed together with glucose intolerance (Table 5 ).
Discussion
In line with the body of evidence available in the international literature on PCOS, this study proposes a set of criteria with which to identify the syndrome after menopause, with results showing that these criteria successfully selected a group of women with characteristics that were expected and strongly associated with PCOS.
Adding IR to menstrual dysfunction and hyperandrogenism, criteria already traditionally acknowledged for a diagnosis of PCOS in premenopausal women, introduced an element known to be associated with the syndrome and held by many as a crucial component in potentiating the risks associated with this condition following menopause [17, 27] . It is not simply a case of identifying women with IR, but, rather, a sub-group of women with their own characteristics who have an additional factor, hyperandrogenism, that when associated with IR, potentiates cardiometabolic risks [28] . Data from the Study of Women's Health across the Nation (SWAN) show a strict correlation between the HOMA index and testosterone levels following adjustment for BMI [29] . The present study identified a group of women in whom IR, hyperandrogenism and excess weight are highly prevalent.
The prevalence of IR in the women identified as having the criteria for PCOS was greater. In addition, C-reactive protein levels were higher and HDL levels were lower, indicating an atherogenic profile that is associated with increased cardiovascular risk. The presence of high testosterone levels has been shown to be an important factor that is strongly associated with subclinical cardiovascular disease. In the Multi-Ethnic Study of Atherosclerosis (MESA), an evaluation conducted with menopausal women showed a positive correlation between carotid intima-media thickness and testosterone levels irrespective of insulinemia, suggesting subclinical atherosclerosis [28] . The similarities found here with the group of women of reproductive age with PCOS, selected in this study using consolidated criteria, strengthen the power of the proposed phenotypes to identify postmenopausal women with this syndrome. The differences found between these groups may be due to the older age of the menopausal women, in whom IR was more common than in the younger group. The age-dependent decline in the sensitivity of the peripheral tissues to insulin is well established, even when body weight is normal, [30] . Investigators have shown how hyperinsulinemia and IR are more relevant in older compared to younger women with PCOS, highlighting the importance of this phenomenon in the phenotype of the syndrome in older women [31] . The questionnaire administered at baseline in the ELSA-Brasil study failed to obtain data on previous dysfunctional uterine bleeding, a common occurrence in anovulatory women, thus reducing the possibility of identifying participants with menstrual dysfunction. Identifying these cases more accurately would probably reduce the proportion of participants with the other phenotypes. It is important to emphasize possible limitations in the data obtained on the menstrual characteristics of these postmenopausal women as a result of possible recall bias, once these women had not been menstruating for at least one year at the beginning of the study. Since it was not possible to perform pelvic ultrasonography, the inclusion of ovarian morphology in the proposed criteria was not cogitated. It is known that, even after menopause, the ovaries of women with PCOS may retain a polycystic appearance and that women with this characteristic tend to have a hyperandrogenic hormone profile [12] .
The present data confirm that the severity of PCOS is cumulative, i.e. the more diagnostic criteria present, the greater the associations with metabolic or cardiovascular health risk factors [13, 14] . PCOS is a heterogenic syndrome with various signs, symptoms and hormonal markers that classify its severity based on the number of components presented [3] .
The criteria proposed here were able to identify women with PCOS and can be used in population-based studies. These Table 4 Prevalence of components of the proposed criteria for the identification of polycystic ovary syndrome in the menopause in female staff members of the Federal University of Bahia participating in the ELSA-Brasil cohort (n = 713 women had an increased risk of excess weight and disorders of carbohydrate metabolism, with a potential increased risk of cardiovascular disease, the major endpoint in the evaluation of PCOS in menopausal women. The longitudinal follow-up of these participants of the ELSA-Brasil study will allow these criteria to be consolidated, adding to what is already known on the health of this group of women. 
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